Chitosan microparticles as injectable scaffolds for tissue engineering applications by Cruz, D. M. García et al.
Intervertebral discs (IVD) are ﬁbrocartilaginous tissues put be-
tween vertebral bodies in the spine. In this study, we developed that
composites scaffolds by combining poly (lactide-co-glycolide)
(PLGA) and demineralized bone particle (DBP). We evaluated
pore structure, porosity, water absorption ability of scaffolds for
the application of IVD.
PLGA scaffolds were prepared by solvent casting/salt leaching
method and were immersed in DBP acidic solution under a vacuum
so that the scaffold pores ﬁlled with DBP solution. The structure
morphology of scaffolds was observed by SEM. Porosity were
analyzed by mercury intrusion. We performed FTIR to conﬁrm
whether DBP solution impregnated into PLGA scaffolds. Water
absorption ability was determined by measuring the weight of
scaffolds for 12 days.
We conﬁrmed that DBP solution was impregnated into the pores
of PLGA scaffold. FTIR peaks appeared weakly in PLGA/DBP
scaffold because the amount of DBP solution put into PLGA
scaffold was limited. Water wettability test showed DBP solution
permeated into PLGA scaffold, thus the surface of DBP enriched
PLGA scaffold was easily wetted due to hydrophilicity of DBP.
The ability to absorb water was increased in PLGA/DBP scaffold
than in PLGA scaffold. This result suggested that high water ab-
sorption ability of PLGA/DBP scaffold would help interaction with
cells seeded in scaffolds.
We developed DBP sponge and PLGA/DBP composite scaf-
folds manufactured by mixing of PLGA solution and DBP powder.
A novel scaffold was manufactured to ensure the possibility of
application of degenerated IVD.
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In situ forming gel scaffold is attractive because it can trap the
various growth factors, genes, and cells within the gel for the repair
and regeneration of damaged tissues. Chitosan-based matrixes are
widely used in the biomedical ﬁeld such as cell encapsulation, drug
delivery, cell culture, and wound healing. In this study, we describe
an injectable gel carrier which consists of chitosan and glycerol
phosphate (GP) as an in vivo scaffold for rat muscle derived stem
cells (rBMSCs).
First, the phase transition behaviors of chitosan solutions for-
mulated with and without GP were characterized as a function
of temperature. Chitosan solutions containing > 20 wt% GP be-
came a gel at 37 8C and maintained this form for 28 days in vitro
and in vivo. Next, we examined whether the chitosan gel could act
as a suitable biocompatible substrate for the attachment and pro-
liferation of rBMSCs. Immunohistochemistry clearly demon-
strated that rBMSCs survived well on the scaffold created by
in situ-forming chitosan gel in rats. Injection of chitosan gel alone
induced macrophage accumulation in the host tissue and at the
edge of the chitosan, whereas injection of chitosan gel containing
rBMSCs was associated with decreased macrophage accumula-
tion, indicating immunosuppression by the transplanted rBMSCs.
We herein prepared an in situ-forming chitosan gel and showed
that it could be used as a biocompatible in vivo scaffold for
rBMSCs in Fisher rats.
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Microparticles may be used as a support for the adhesion and
proliferation of cells. Therefore, the combination of isolated par-
ticles and previously incubated cells on their surface may have
potential to be used, in the form of a suspension with media, as an
injectable scaffold in the context of tissue regeneration: on expects
that the particles might agglomerate after the implantation as a
consequence of cells proliferation and extracellular matrix pro-
duction. With this aim, chitosan microspheres were prepared by an
emulsion procedure involving cross-linking with natural chemi-
cals. Aqueous chitosan solution was added to mineral oil, con-
taining a surfactant to form the w/o emulsion. Then, genipin
solution was added as crosslinking agent. Varying the concentra-
tions of the different solutions involved in the process, genipin-
chitosan crosslinked microparticles with diameters ranging be-
tween 150 and 200mm were obtained. A 3D construct of these
microparticles and GBMCs (goat bone marrow stromal cells) were
used for ‘‘in vitro’’ cell culture. Viability, growth, adhesion, and
morphology of GBMCs were evaluated. The obtained results
demonstrated that the microparticles are a suitable support for cell
proliferation. The best results were obtained with microparticles
crosslinked with 20mM genipin.
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This study is to develop a novel method for fabrication of the
chitosan scaffold improved their biocompatibility, based on a
thermally induced phase separation technique. The porous scaf-
folds were basically fabricated by solid-liquid separation and
subsequent sublimation of solvent. The effects of addition of n-
butanol, as non-solvent, into aqueous chitosan solution on pore
formation of chitosan scaffold were estimated. The pore diameters
of chitosan scaffolds could be controlled within the range 4*100
mm, with adjusting to ratio of n-butanol concentration. The inter-
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